Although gene expression profiles in peripheral blood in major depression are not likely to identify genes directly involved in the pathomechanism of affective disorders, they may serve as biomarkers for this disorder. As previous studies using baseline gene expression profiles have provided mixed results, our approach was to use an in vivo dexamethasone challenge test and to compare glucocorticoid receptor (GR)-mediated changes in gene expression between depressed patients and healthy controls. Whole genome gene expression data (baseline and following GR-stimulation with 1.5 mg dexamethasone p.o.) from two independent cohorts were analyzed to identify gene expression pattern that would predict case and control status using a training (N ¼ 18 cases/18 controls) and a test cohort (N ¼ 11/13). Dexamethasone led to reproducible regulation of 2670 genes in controls and 1151 transcripts in cases. Several genes, including FKBP5 and DUSP1, previously associated with the pathophysiology of major depression, were found to be reliable markers of GR-activation. Using random forest analyses for classification, GR-stimulated gene expression outperformed baseline gene expression as a classifier for case and control status with a correct classification of 79.1 vs 41.6% in the test cohort. GR-stimulated gene expression performed best in dexamethasone non-suppressor patients (88.7% correctly classified with 100% sensitivity), but also correctly classified 77.3% of the suppressor patients (76.7% sensitivity), when using a refined set of 19 genes. Our study suggests that in vivo stimulated gene expression in peripheral blood cells could be a promising molecular marker of altered GR-functioning, an important component of the underlying pathology, in patients suffering from depressive episodes.
INTRODUCTION
Affective disorders are predicted to become a leading cause of morbidity worldwide (Ustun et al, 2004) . A number of approaches have been undertaken to identify biomarkers for these disorders to optimize diagnostic and treatment algorithms (Holsboer, 2008) . One of them has focused on gene expression to integrate genomic activity and environmental effects (Gerhold et al, 2002) . Most studies on transcriptional profiling in affective disorders have explored RNA derived from postmortem brain tissue (Mehta et al, 2010) . However, agonal and postmortem factors may influence gene expression, and lacking access to brain tissue contradicts its use as biomarker (Tomita et al, 2004) . Peripheral blood cells on the other hand are readily accessible. Although gene expression profiles in peripheral blood cells are not likely to reflect profiles in neuronal cell populations, there is an overlap between gene activity measures in brain and peripheral blood. Sullivan et al (2006) found a median correlation of 0.5 between transcripts expressed in both whole blood and the central nervous system and a study by (Rollins et al (2010) showed that over 4000 transcripts are co-expressed in blood cells and postmortem brain tissue. Additionally, glucocorticoids have effects on peripheral blood cells and the hypothalamus-pituitary adrenal (HPA) axis, which is perturbed during depressive episodes of many patients (Gladkevich et al, 2004) . Transcriptional profiling in whole blood has been used in the search for biomarkers for patients with neurological and other psychiatric disorders including patients with Parkinson's (Scherzer et al, 2007 ) and Huntington's disease (Borovecki et al, 2005) , post-traumatic stress disorder Segman et al, 2005; Yehuda et al, 2009) , schizophrenia (Kurian et al, 2011) , bipolar disorder (Le-Niculescu et al, 2009; Padmos et al, 2008) and major depression (Segman et al, 2010; Spijker et al, 2010) . Most of these studies have analyzed baseline gene expression profiles.
Evidence from HPA axis activity measures in depression indicates the advantage of in vivo challenge tests such as the dexamethasone-suppression test (DST) or the combined dexamethasone/corticotropin-releasing hormone (dex/ CRH) test over single baseline measurements of peripheral cortisol or ACTH concentration to discriminate between depressed patients and healthy controls (Holsboer, 2000) .
Although not a specific test to identify patients that fulfilll diagnostic criteria according to current algorithms, it is of interest that the HPA axis dysregulation, including glucocorticoid receptor (GR) resistance is one of the endocrine hallmarks of mood disorders (Holsboer, 2000; Pariante and Miller, 2001b) . The GR resistance proposed to underly this phenomenon has also been observed at the level of peripheral blood cells. Reduced GR function in leukocytes of depressed patients, as exemplified by a decreased nuclear translocation following dexamethasone exposure (Gormley et al, 1985) as well as a decreased capacity of dexamethasone to inhibit the ability of peripheral blood mononuclear cells to proliferate in response to mitogens were found (Lowy et al, 1988) . In fact, the partial glucocorticoid resistance found in peripheral immune cells correlate with the partial glucocorticoid resistance found in the DST (Wodarz et al, 1992) .
GR resistance is thus apparent in peripheral blood cells of depressed patients and glucocorticoids lead to profound and reproducible gene expression changes (Czock et al, 2005) . We therefore hypothesized that GR-stimulated gene expression would be different in in-patients with moderate to severe depressive symptoms as compared with healthy controls. A recent study by Spijker et al (2010) showing gene expression differences between cases and controls using an ex vivo lipopolysaccharide (LPS) challenge test supports the notion that stimulated gene expression measures are better at discriminating between patients and controls than baseline measures.
To test whether reliable case/control differences can be identified following GR activation, we compared gene expression differences in whole blood and serum cortisol and ACTH in two independent cohorts of 18 and 11 depressed patients and 18 and 13 controls before and 3 h after ingestion of 1.5 mg of dexamethasone. Only male subjects were used to reduce the known confound of sex-steroids on GR activation (Young and Korszun, 2010) .
MATERIALS AND METHODS

Patient Recruitment
We recruited 29 male patients aged 18-65 years who were admitted as inpatients to the Max Planck Institute of Psychiatry (MPI), Munich, Germany, for treatment of a depressive episode. According to the time of enrollment patients were assigned to two separate cohorts, with the discovery and the replication cohort (18 out of 11 patients). All patients were Caucasian. They were part of the Munich-Antidepressant-Response-Signature (MARS) project (www.marsdepression.de) ) and were treated with antidepressant medications according to doctor's choice. As carbamazepine is associated with HPA-axis alterations patients treated with carbamazepine were excluded (Kunzel et al, 2003) . Severity of depressive symptoms was assessed at admission by trained raters using the 21-item Hamilton Depression Rating Scale (HAM-D). Patients fulfilling the criteria for at least a moderate depressive episode (HAM-DX14) were eligible. Patients with severe neurological or general medical conditions were excluded. Blood was taken to measure inflammation markers, liver enzymes, renal function and coagulation, vital signs as blood pressure and pulse were monitored. The study was approved by the ethics committee of the Ludwig-Maximilans-University in Munich, and written informed consent was obtained from all subjects (Nr. 244/01).
Recruitment of Controls
The control samples consisted of 18 and 13 male subjects respectively, matched for age and ethnicity and were recruited at the MPI and were and screened for the presence of any axis I disorder using the Composite International Diagnostic Interview (CIDI) (Wittchen et al, 1999) . Only individuals free of a history of psychiatric disorders as well as major neurological and general medical disorders were included in the sample, which was ensured by examination of the same laboratory measures and monitoring of vital signs as in patients.
Study Design and Blood Collection
Unstimulated peripheral blood samples were obtained at 1800 h after 2 h of fasting and abstention from coffee and physical activity, followed by oral administration of 1.5 mg dexamethasone. Additional blood samples were drawn at 2100 h. At each timepoint we collected whole blood RNA using a PAXgene (PreAnalytiX GmbH, Hombrechtikon, Switzerland) whole blood RNA collection tube, as well as serum and whole blood to analyze differential blood count, cortisol and ACTH levels as well as liver enzymes. PAXgene tubes were stored for 2.5 h at room temperature, and then transferred to -20 1C. For additional cortisol and ACTH measurements, blood was drawn at 1500 h the next day. Dexamethasone-suppressor status was defined by the cortisol value at 1500 h the day after cortisol and values below 50 ng/ml were considered suppressors and value X50 ng/ml non-suppressors (Ising et al, 2007) . In the same samples plasma dexamethasone concentration were assessed using LC-MSMS on an API4000 (AB Sciex).
RNA Extraction and Quality Assessment
Total RNA was isolated from PAXgene whole blood samples according to the manufacturer's instructions. The samples were processed using the PAXgene Blood RNA Kit using the Qiagen method for column purification of nucleic acids (PreAnalytiX GmbH). The quality of the total RNA was assessed using an Agilent 2100 Bioanalyzer (Agilent Technologies, Palo Alto, CA, USA). The concentration and purity of total RNA was also assessed by 260 nm UV absorption and by 260/280 ratios, respectively (Nanophotometer, Implen, Munich, Germany). All samples had a RNA integrity number X7 (7.0-8.9, mean 8.0±SD 0.4). Globin reduction was not applied as a technical note by Illumina suggests no benefits of globin reduction when using Illumina BeadChip expression microarrays (Expression Analysis, 2007) . We could confirm this in our own pilot study comparing globin depleted and non-depleted samples from the same RNAs . Moreover, globin reduction protocols may lead to a loss of reproducibility and introduce other artefacts, which may interfere with gene expression data analysis (Dumeaux et al, 2008; Mehta, 2008) .
Processing of Microarrays
Sample labeling was performed using the Illumina TotalPrep RNA Amplification Kit (Ambion, TX, USA, catalog number AMIL1791). Biotin-labeled cRNA (1.5 mg) was hybridized to HumanHT-12 v3 Expression BeadChips (Illumina, San Diego, CA, USA), representing a single batch of arrays. Microarrays were scanned with the Bead Array Reader (Illumina). All processing was done according to the manufacturer's instructions.
Validation and Replication with Quantitative Real-Time PCR
Total RNA was reverse-transcribed to cDNA using random primers and the Superscript II reverse transcriptase (Invitrogen) for quantitative real-time PCR (qPCR) to validate microarray results in cohorts 1 and 2 FKBP5, BEST1 and CEACAM4 were chosen for RT-PCR validation with PLA and TBP as the endogenous control genes. The first two target genes show both regulation with dexamethasone as well as differences between cases and controls and the last gene a consistent regulation by dexamethasone in all experiments. qPCR experiments were performed using the Roche 480 LightCycler (Roche Applied Science). qPCR assays were designed using the Roche universal probe library (http://qpcr.probefinder. com/organism.jsp) (Supplementary Table 1 ). All samples were run in duplicates and duplicates discordant in crossing points by more than 0.4 cycles, were excluded from the analysis.
Statistical Analysis
Descriptive statistics of the sample as well as the discriminant analysis using post-dexamethasone cortisol values were run using SPSS (release 16, SPSS, Chicago, Illinois, USA). For the repeated measures ANOVAs, the statistics are reported for the Greenhouse-Geisser test.
Microarray expression analysis was performed in R(R Development Core Team, 2007) , making use of the packages: beadarray (providing routines to handle Illumina BeadStudio data) (Dunning et al, 2007) and vsn (for normalization, available from BioConductor (http://www.bioconductor.org/) (Huber et al, 2002) .
Raw microarray scan files were exported using the Illumina Beadstudio program and loaded into R for downstream analysis. The data were first filtered by a detection P-value of 0.01 in at least five individuals and secondly, transformed and normalized using the variance stabilizing normalization method. From a total of 48 750 transcripts 15 573 remained in the analysis having significant expression according to these criteria. Pre-and post-dex samples from the training and the test cohort were processed within a single run each (that is, RNA amplification, hybridization and scanning). To further reduce the described batch effects for Illumina arrays (Kitchen et al, 2010) pre-and post-dex RNAs were hybridized to the same chip for each individual, and cases and controls were randomized across arrays and arrays positions.
For differential expression analysis linear regression models implemented in R were used on the normalized log 2 -transformed expression values at 1800 h, 2100 h as well as their difference comparing cases and controls.
The expression data were displayed as a heatmap using the gplots package implemented in R.
Classifications were performed with the Random Forest (RF) classification technique (Liaw and Wiener, 2002) , which is a combination of tree predictors. A main advantage in RF is that there is no need for cross-validation because the training data is divided into two independent partitions. About two-thirds of the training set are used to create an in-bag partition to construct the tree and one-third, which is not used in the construction of the tree, is used as an outof-bag (OOB) partition to test the constructed tree to evaluate the performance. All the trees vote to determine the prediction results and an OOB estimate of error rate is calculated.
The RF provides the mean decrease Gini as an importance measure that calculates the quality of a split for every node of a tree by means of the Gini Index.
Each time a split of a node is made on a variable, the Gini criterion for the two descendent nodes is less than the parent node. A higher mean decrease Gini represents a higher variable importance (Breiman, 2001; Ozcift, 2011) .
RESULTS
Sociodemographic and Clinical Differences Between Groups
Sociodemographic and clinical variables of the two cohorts are listed in Table 1 . All clinical variables including severity of depression, measured with the HAM-D, number of previous episodes, previous suicide attempts or family history of depression did not show significant differences between patients of cohorts 1 and 2. All patients were medicated and there were no significant differences in the type of medication between the two cohorts.
Dexamethasone Effect on Cortisol and ACTH Levels
Cortisol levels were significantly suppressed in healthy controls (n ¼ 31; 75.3 ng/ml ± 4.8 SEM; 1800 h vs 25.4 ng/ml ± 1.2 SEM; 2100 h; Po0.001) and in depressed patients (n ¼ 29; 80.7 ng/ml±5.6 SEM vs 31.5 ng/ml±2.3 SEM; Po0.001) 3 h after dexamethasone challenge. At 1500 h the next day cortisol levels were significantly higher in patients compared with controls (controls: 20.9 ng/ml±3.9 SEM vs cases: 37.7 ng/ml±7.1 SEM; P ¼ 0.039) indicating relative GR resistance in depressed patients (see Figure 1a) . Similar findings were observed for ACTH, with a significant reduction in ACTH levels in healthy controls (12.5 ng/ml ± 0.7 SEM vs 0.1 ng/ml ± 0.1 SEM; Po0.001) and in depressed patients (14.6 ng/ml ± 1.0 SEM vs 0.5 ng/ml ± 0.1 SEM; Po0.001) after 3 h.
Differential Blood Cell Count
At baseline, patients had significantly higher levels of granulocytes and monocytes than controls (F ¼ 11.771, Po0.001; F ¼ 5.559, P ¼ 0.02, respectively). Repeated measures ANOVA showed a significant dexamethasone-induced increase in the number of granulocyte, (Po0.001) although there was a significant reduction in lymphocytes and monocytes (Po0.001; see Figure 1b ) in both cases and controls. There was a significant interaction between the change in granulocyte number from 1800 h to 2100 h and disease status (F ¼ 3.933; P ¼ 0.05), indicating a smaller relative change in cases.
Dexamethasone Effect on mRNA-Expression in Patients and Controls
In controls dexamethasone led to the overlapping regulation of 2670 transcripts in both cohorts 1 and 2 at P-value p0.05 of which 1132 probes or 42% were upregulated (see Supplementary Table 2 ). In depressed patients only 1151 transcripts were significantly regulated in both cohorts of which 507 probes or 44% were upregulated (see Supplementary Table 3 ). In all, 23% of the significant dexamethasone-induced transcripts level changes observed in patients were also observed in controls.
Using Gene Expression and Endocrine Measures to Classify Cases vs Controls
Classification Using Plasma Cortisol
Using the cortisol levels at 1500 h the next day, which showed the most significant difference of all the endocrine parameters between cases and controls, 60.0% could be correctly classified in a discriminant analysis, with a specificity of Figure 1 Alterations in cortisol and blood count of depressed cases and healthy volunteers: (a) dexamethasone intake resulted in a significant suppression of cortisol in healthy volunteers (n ¼ 31) and depressed patients (n ¼ 29) after 3 h (Po0.001). Cortisol levels at 1500 h the next day were significantly increased in patients compared with controls (P ¼ 0.039). (b) Dexamethasone led to a significant increase in granulocytes in cases (n ¼ 29; Po0.001) as well as controls (n ¼ 31; Po0.001). Lymphocytes and monocytes were significantly reduced by dexamethasone in both groups (Po0.001). When comparing healthy controls vs depressed cases, there was significantly less upregulation of granulocytes in cases (P ¼ 0.05) as well as baseline differences in granulocytes (P ¼ 0.067) and monocytes (Po0.001). 
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Classification Using Gene Expression Profiles
Classification was performed with the RF algorithm using cohort 1 to train the model and cohort 2 for testing.
Baseline gene expression. We first performed a feature selection by including those transcripts that showed a significant difference in baseline gene expression between cases and controls in cohort 1 at Pp0.05 (uncorrected) and a fold change of absolute X1.15. This resulted in 635 probes that were used for the RF algorithm, which was run with the best performing parameters (1000 trees (ntree) and 25 random features to build each tree (mtry)). This revealed an OOB error rate of 27.8% to classify cases vs controls in cohort 1 (with a sensitivity of 72.2% and a specificity of 72.2%). In cohort 2, however, the constructed prediction model only achieved an area under the curve (AUC) value of 0.56 with a classification rate of 10 out of 24 (41.7%).
B-GR stimulated gene expression. For feature selection for stimulated gene expression we only kept those transcripts that showed a difference in gene expression change from 1800 h to 2100 h between cases and controls at a P-value p0.05 and an absolute fold change following dexamethasone in controls X1.15. This resulted in 250 transcripts selected for the RF algorithm. For this analysis the best performing parameters were: ntree ¼ 1500 trees and mtry ¼ 240. Using these, RF revealed an OOB error rate of 16.7% to differentiate between cases vs controls in cohort 1 (with a sensitivity of 80% and a specificity of 87.5%). In cohort 2, an AUC value of 0.73 and a test set classification rate of 19 out of 24 (79.2%) was obtained, thus performing much better than the predictors built from baseline gene expression.
Reduction of the number of transcripts for classification.
To identify the genes that contributed most to the classification in both cohorts, RF classification was performed without feature selection in all individual together, not separated by cohorts. The analysis was repeated 10 times and the importance scores (Gini index) were averaged. Out of the 206 most important features (with an average Gini index in the 10 repetitions X0.02) and representing the top 1.3% transcripts, 19 transcripts also showed a significant (Pp0.05 uncorrected) differences in dexamethasone-regulation between cases and controls in both cohorts (see Table 2 and Figure 2) .
Performance of the reduced set of classifiers in dexamethasone suppressor vs dexamethasone non-suppressor patients. For this analysis, four controls who were dexamethasone non-suppressors were excluded from the analysis. Using the above-described 19 best-performing transcripts to classify controls vs dexamethasone suppressor cases (N ¼ 27/21), RF estimated an OOB error rate of 22.7% to differentiate between the groups (with a sensitivity of 76.7% and a specificity of 77.8%). To repeat the analysis with dexamethasone non-suppressor patients, we had to balance the data set as the case group only included eight individuals by randomly choosing eight controls. In this analysis the RF revealed an OOB error rate of 12.3% (with a sensitivity of 100% and specificity of 80%).
Influence of covariates. We repeated the linear regression of the change in gene expression after dexamethasone for these 19 genes adjusting for age, smoking status, body mass index and number of granulocytes, lymphocytes and monocytes. In only 3 of these 19 genes, these covariates contributed significantly (model P for the covariates p0.05) to the variance in gene expression including FKBP5 and LAT2. For FKBP5 body mass index was the only significant predictor within the covariates (P ¼ 0.008) although the change in granulocytes was correlated with LAT2 expression (P ¼ 0.023).
To assess a possible influence of the administrated medication on the gene expression, we correlated the duration of the antidepressant use at the day of the blood draw with the gene expression of these 19 transcripts. Mean antidepressant treatment time was 10.8 weeks (SD ¼ 16.9, ranging from 0 to 76 weeks). In patients, we found no significant effects of the duration of antidepressants treatment on the dexamethasone-induced gene expression of the 19 differentially regulated transcripts, suggesting that antidepressant treatment per se is not a very strong confound for the reported case-control effects (Supplementary Table 4 ). We did, however, not have sufficient power to investigate the effects of specific types of antidepressant treatments, as there were only 29 patients but five groups of different antidepressant treatments. Next, we analyzed a possible impact of differences in dexamethasone metabolism on gene expression. The mean plasma dexamethasone concentrations in cases were 0.55 ng/ml (SD ¼ 0.33) and in controls 0.80 ng/ml (SD ¼ 0.64), t ¼ 1.897, P ¼ 0.066. Dexamethasone levels had significant effects overall on the induced expression of SOCS1 (P ¼ 0.0006) and MUM1 (P ¼ 0.0027). When adding dexamethasone levels as a covariate in analyzing the difference in dexamethasone induction of the 19 top genes, the case-status dependent difference in induction remained significant (Supplementary Table 5 ).
Validation of Differentially Regulated Transcripts
We used qPCR to validate mRNA expression differences in two genes regulated by dexamethasone in cases and controls in both cohorts: FKBP5, BEST1 and CEACAM4 (see Figure 3) . For FKBP5 we could validate the significant interaction between the change in mRNA-expression from 1800 h and 2100 h for cohort 1 and 2 (within subject factor) and disease status for FKBP5 (cohort 1: F 1,140 ¼ 9.013; P ¼ 0.005; cohort 2: F 1,88 ¼ 8.835; P ¼ 0.007) as well as the main effect of dexamethasone stimulation (cohort 1: F 1,140 ¼ 39.509; Po0.001; cohort 2: F 1,88 ¼ 66.454; Po0.001) using a repeated measures ANOVA. For BEST1, we could validate the regulation by dexamethasone (F 1,232 ¼ 5.0; P ¼ 0.028) and the effect of case status when analyzing all cohorts together (F 1,232 ¼ 3.1; P ¼ 0.08 two-sided and 0.041 one-sided), but not separately 
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A Menke et al for each cohort. However, the direction of the effect was the same in both cohorts and the observed lack of significance may reflect lack of power in the subsample analysis. For CEACAM4, we validated the significant regulation of this gene by dexamethasone in cases and controls in both cohorts (cohort 1: F 1,140 ¼ 12.090; P ¼ 0.001; cohort 2: F 1,88 ¼ 16.599; P ¼ 0.001).
DISCUSSION
In this study we show that GR-stimulated gene expression changes in peripheral blood cells allow a much better discrimination between patients and controls than gene expression levels at baseline or the degree of suppression of plasma cortisol concentrations by dexamethasone. Although there were no significant differences in the hormone levels between cases and controls in the first 3 h after dexamethasone intake, cortisol levels were significantly higher in depressed individuals 21 h later, reflecting the previously reported GR resistance in these patients (Holsboer, 2000) . This endocrine measure, however, failed to reliably discriminate between cases and controls and its sensitivity was low (34.5%). In contrast, gene expression profiles of the top differentially regulated genes by GR activation showed high sensitivity and specificity in both the training as well as the test cohort (cohort 1-sensitivity of 80.0% and specificity of 87.5%) and a correct classification of 79.2% in the test cohort. The stimulated gene expression profiles outperformed baseline gene expression patterns, which only correctly classified 41.7% of individuals in the test cohort, even though a larger number of predictors was used in the analysis. This supports the previously described superiority of stimulated over baseline gene expression differences as biomarkers for depression (Spijker et al, 2010) . Spijker et al (2010) investigated gene expression changes in peripheral blood monocytes following an ex vivo challenge with LPS, a strong immunogenic stimulus, which is less influenced by confounding variables than the here presented in vivo challenge test. However, the reported sensitivity of 77% and specificity of 72% is in the range of the one reported in our study. This suggests that in vivo dexamethasonestimulated gene expression pattern, which require less hands on time in the laboratory than ex-vivo stimulation of isolated peripheral blood cells, could be further developed as potential biomarkers for depression-related GR function changes.
We found that dexamethasone-induced robust and reproducible gene expression profiles in both cases and controls. Interestingly, within the top genes regulated by dexamethasone in peripheral blood cells in controls, three (FKBP5, DUSP1 and ZBTB16) have been previously reported to be related to the development of mood and anxiety disorders or neuroprotection. Polymorphisms in FKBP5 have been associated with a number of phenotypes related to mood disorders (Binder, 2009 ) and gene expression differences have been reported for PTSD Segman et al, 2005; Yehuda et al, 2009) . The mitogen-activated protein kinase phosphatase DUSP1 has recently been shown to be expressed more strongly in postmortem hippocampus tissue of depressed patients as compared with controls and to mediate stress-related depression-like behavior in rodents (Duric et al, 2010) . ZBTB16 encodes the promyelocytic leukemia zinc finger protein and is a corticosteroidresponsive transcription factor. It is induced by stress exposure in the brain and may have a neuroprotective function (Peppi et al, 2011) . Of the genes within the 19 best classifiers, FKBP5 and TMEM176A have previously been associated with mood disorders. Gene expression of the transmembrane protein 176A (TMEM176A) was previously found to be altered in the hippocampus and prefrontal cortex in a rat model of depression-like behavior (Blaveri et al, 2010) .
Although our cohorts were all male and of similar age and the patients matched according to clinical and treatment parameters, patients and controls were discordant for antidepressant medication. This makes it difficult to exclude that some of the observed differences in gene expression are related to treatment and not disease status. Even if the observed differences were exclusively related to the effects of antidepressant drugs, this would not affect the observed superiority of stimulated vs baseline gene expression between the two groups. Although medication is a confound for the reported case-control differences, these differences are more likely carried by the depression than the medication status, although this can only be resolved in a new experiment comparing medicated and un-medicated patients and controls. However, the duration of the antidepressant treatment at the time of RNA collection had no significant impact on gene expression regulation in patients for the 19 genes that best differentiate between cases and controls. This suggests that antidepressant medication is not likely to have a major impact on the GR-regulated transcription of these genes. The fact that the observed differences in gene expression are more likely related to psychiatric status and not medication is also supported by a number of other studies.
It has been previously shown that at in-patient admission, markers of HPA-axis hyperreactivity are not strongly influenced by the current type of antidepressant medication (Holsboer, 2000; Kunzel et al, 2003) . Moreover, antidepressants have repeatedly been shown to increase rather than Comparison of healthy controls vs depressed cases for cohort 1 and cohort 2: *significant interaction effects were observed for FKBP5 (cohort 1: P ¼ 0.005; cohort 2: P ¼ 0.007). # Significant main effects of dexamethasone were observed for FKBP5 (cohort 1: Po0.001; cohort 2: Po0.001) and CEACAM4 (cohort 1: P ¼ 0.001; cohort 2: P ¼ 0.001) and for BEST1, when analyzing the combined cohort (P ¼ 0.041 one-sided for interaction and P ¼ 0.028 for dexamethasone effects).
GR-resistance in depression uncovered by gene expression A Menke et al decrease GR function (Carvalho and Pariante, 2008; Pariante, 2009) . Antidepressants have been reported to increase GR mRNA expression (Carvalho and Pariante, 2008; Funato et al, 2006; Heiske et al, 2003; Vedder et al, 1999) , GR protein expression (Carvalho and Pariante, 2008; Hery et al, 2000; Lai et al, 2003; Pepin et al, 1992) and GR function as measured using the translocation of the receptor to the nucleus (Carvalho and Pariante, 2008; Funato et al, 2006; Heiske et al, 2003; Pariante et al, 1997) or dexamethasoneinduced GR-mediated gene transcription (Pariante et al, 2003; Pariante et al, 2001a; Pariante et al, 1997; Pepin et al, 1992) . This pattern is opposite to the changes observed here, with less genes significantly regulated by dexamethasone in cases vs controls (1151 vs 2670) and lower fold changes in cases (see Table 2 ). Furthermore, two genes showing a significant case/control difference in GR regulation, FKBP5 and CD14 have both been shown not to be affected by antidepressant drug exposure alone (Anacker et al, 2011; Landmann et al, 1997) .
We also tested the influence of a number of covariates, including age, BMI and immune cell fractions on the expression pattern of the 19 strongest classifiers and for only 3 of them, the model including all covariates had a significant effect on the change in gene expression. Only for one gene (LAT2), we observe a significant effect of the change in numbers of specific immune cell types on the change in gene expression. This indicates that although we (like others (Schuld et al, 2006) ) observe significant differences in the baseline counts of granulocytes and monocytes and the increase of granulocyte numbers following dexamethasone in cases and controls (see Figure 1b) , these are not likely confounding our main results. Experiments in separated leukocytes subtypes could further address this issue, however, such manipulations have been reported to change the gene expression profile and in addition increase hands-on time for sample processing, thus decreasing the usefulness for biomarker research.
We therefore propose that the difference in gene expression profiles between patients and controls is indeed reflecting differences in GR sensitivity in a similar, but possibly more sensitive way than clinical HPA stimulation tests (Holsboer, 2000) . This is supported by the fact that FKBP5 shows less regulation after dexamethasone in patients than in controls. FKBP5 is a heatshock protein 90 associated cochaperone of the GR and its expression is strongly induced by glucocorticoids via intronic steroid response elements as part of an intracellular short negative feedback loop for GR activity (Vermeer et al, 2003) . FKBP5 induction by GR activation has been proposed as a molecular indicator of GR sensitivity (Jääskeläinen et al, 2011; Vermeer et al, 2003) .
In addition, of the 19 genes that contribute most to the classification between cases and controls (see Figure 2 and Table 2 ), all genes are less stimulated in depressed patients than in controls, in line with the fact that the number of overall regulated genes was also less in patients than controls (N ¼ 1.151 vs N ¼ 2.670) thus likely reflecting baseline differences in GR sensitivity. Dexamethasone-induced gene expression changes also appear to be a more sensitive marker of GR-function than the DST. According to the DST, only 8 of the 29 patients fulfilled criteria for dexamethasone-nonsuppression (Ising et al, 2007) . In these patients, dexamethasone-stimulated genes performed best as classifiers, correctly classifying 88.7% of cases and controls with a sensitivity of 100%. Nonetheless, these transcripts also correctly classified 77.3% of the dexamethasone non-suppressor patients, indicating that they suffer from a GR-resistance that is not evident in the DST, but observable in the dexamethasone-stimulated gene expression pattern. Furthermore, dexamethasone-induced gene expression changes indicate GRresistance much earlier than peripheral hormones. After 3 h, gene expression changes show strong differences, whereas this is not the case for serum cortisol or ACTH measures, which are only significantly different after 21 h, when gene expression changes are almost back to normal.
Our results provide support for the usefulness of dexamethasone-stimulated gene expression profiles as a biomarker for depression-related GR resistance. Studies in larger independent samples with different gender composition and different clinical settings will further explore the potential of the molecular dexamethasone-stimulation test as a biomarker helping to characterize subgroups within patient samples that fulfil current diagnostic criteria for a certain psychiatric category.
